The whole transport process from light absorption to photocurrent output can be sequenced into the following three steps.
Detailed optical and electrical calculation
The whole transport process from light absorption to photocurrent output can be sequenced into the following three steps.
Step 1: light absorption with the absorptance (A) defined as A = A abs /A inc , where A abs (A inc ) is the absorbed (incident) power. A abs can be obtained by (S1) where r is the spatial variable, ω the angular frequency, Im(ε M ) the imaginary part of dielectric function of Au 1 , and |E| the electric field.
Step 2 corresponds to the process that some of excited hot electrons diffuse to the Au/ZnO interface without losing energy in inelastic collision. In this part the electron mean free path (MFP) is considered in the calculation of the average probability P i ,
where i denotes the i th electron, y i ( i ) is the diffusion distance (angle) of this electron to the M/S interface which has been discretized into m sections, and L e is the electron mean free path (MFP) in gold (70 ~ 20 nm in the energy range of 1 ~ 2 eV 2 ).
The numbers of the generated hot electrons that reach the M/S interface is calculated by ,
where Q i is the absorbed energy, h the Plank's constant, and  the optical frequency. The total numbers of hot electrons generated in the top metal that reach the M/S interface can be expressed as .
(S4)
Step 3 is a quantum process where the hot electrons tunnel through M/S interface to the opposite metallic layer and finally generate photocurrent. This part also can be further categorized into three sub-steps: i) the electrons tunnel through the ultra-thin barrier; ii) the hot electrons pass through the oxide layer without inelastic collisions; iii) hot electrons arrive at the ZnO/Au interface and transmit into the bottom Au layer. In step i), the barrier height is related to the work function (W) of the metal and the electron affinity () of the semiconductor, so the variation of materials selected for photodetection in the specific band leads to quite unique optical (especially electrical) response, which has to be carefully addressed in the design of the hot-electron photodetection system; for Au, W Au = 5.1 eV 3 , and for ZnO,  ZnO = 4.2 eV 4 , so the barrier energy  b = 0.9 eV.
There are many models that describe this quantum process [5] [6] [7] [8] , among which the most widely adopted is the WKB approximation which assumes that the transmission probability is close to 100% when the electron energy (E ph ) >  b ; otherwise, the probability is close to zero. However this model is too simplified without considering sufficient physical processes, such as the electron reflections between the interfaces of two different materials as described in Scals's model. Therefore, Chalabi's model is used in our calculation which considers the hot electron's reflection process and has been proved to be accurate enough to show a good consistence with experiment. In step ii), the probability of hot electrons transportation can be estimated by ,
where d oxide is the thickness of the oxide layer and MFP_ox is the mean free path (MFP) in ZnO. MFP is energy-dependent with range of 10 ~ 30 nm for the energy of 1 ~ 2 eV 9 . In our study, 20 nm is a reasonable value to estimate the quantum efficiency. So probability of this process is relative large (~ 0.8).
Step iii) describes the process that hot electrons arrive at the ZnO/Au interface and transmit into the bottom Au layer which is similar to step i).
The hot electrons generated in the bottom metal layer also obey the same three sub-step process, but forming the downward photocurrent. In our calculation, the energy distribution of hot electrons above Fermi level can be approximated to be uniform. Therefore, the total current can be written as
where N Top and N Bot are the total numbers of hot electrons which are excited by the top and bottom metal layers. I Net is the net photocurrent, I Top (I Bot ) the downwards (upwards) photocurrents, q the elemental charge, and P Top (P Bot ) the corresponding total transmission probability of the excited hot electrons.
Compared to the conventional grating system [ Fig. S1(a) ], the electron transportation and collection process in the proposed conformal system [ Fig. S1(c) ] become much more complicated. Considering that the generated hot electrons diffuse isotropically in metal and those electrons that never reach the M/S interface do not contribute detectable photocurrent, the average probabilities (P i ) of the hot electrons arriving at the M/S interface have to be used. As shown in Figs. S1(a) and S1(c), for the top metal absorption, only the hot electrons confined within the angle  [shown in
Figs. S1(a) and S1(b)] can be possible to successfully diffuse to the M/S interface (it is similar for those electrons generated in the bottom metal layer). We divide the top grating layer into several sections for the ease of calculation. Shown in Figs. S1(b) and S1(d) are the calculated average probability (P i ) for different parts (I, II and III). It is observed that the hot electrons can move more easily to the M/S interface in conformal structure under a larger confinement angle () and a shorter electron transportation path.
